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This invention concerns a method for forming ionomers by treatment with ammonium carbonate of 
copolymers having a substantially fluorinated, but not perfluorinated, polyethylene backbone having 
pendant groups of fluoroalkoxy sulfonyl fluoride. Ionomers derived therefrom by ion exchange are useful 
in electrochemical applications such as batteries, fuel cells, electrolysis cells, ion exchange membranes, 
sensors, electrochemical capacitors, and modified electrodes. 
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%*«|S'f^::?^^^ *''J-7-{i8. 2*;w%P S EP VESr-g-^LTto 

^§^T% 5^ia'e*2>^v^7'f Ji'i^ (5~i05;v) ^2 0 ox:x':ru7i^j^i-!bztii}^x 

^tZo 

[0 0 4 5] 

*il^J 2 

M e OH/H 2 0 "t-^T^ii^J^RmT > -t- ^ffl P S E P V E/ V F 2 n 'J 

2 0 ^'ZX'mk-:f^7m>'f^^t\L^^X. *JlB«ni l-Cpi^LTt P S EP VE/VF 2 
3'-K'J-7-J&#:55^ib7-< (0. OOS^^'f-^O. 0 0 7^>f-)?$) ^riiS^L^'vio 
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7'f ;P-t.*«-e*Li#±l-^'9*'^^<75^K<Vs:i6H. ^ti$:r7ny (Teflon)'' 
« ^ -y->^(7)Mni^L> 1 : 1 ^ ^ y~)^yyK^(^0. 4^;wM<^.^mT>'-t^'>A 
WM^^^-r^ 5 0 t;<7) 1 V y-h }mW^^K2 4^KS:«t7to i<7)^ll<7)|?-=bt9H> 

L. 3 ^}\^mj^mm^^^i-^ 7 O 2 O l U b 1 8 mWim 

VJttSL, E*>lijgHfi)t<7)ffM7K4=l^^« tfco 7-^ ^I'AcT) 1 . 0x1. 5cm'^i5- 
^tS.v^:^oT^:6^LT^5S^-b;i'^ia<^Sz:T7t:o 7'n h > -f ^ >{:eW^> V> (Son 
e) J. Electrochem. Soc. 143> l254^--:/(1996)<7) 
:6r^£ntfeoTSH^#-Cillgt> 81X10"' S/cmt::^Lv>ci4:S:mEt;to 
[0 0 4 6] 

mmm 3 

Me OH/ H 2 04'<7)^ifJ<?)^mT>^-'> A$:fflv^SP SEPVE/VF235H'J'7- 

^Jifi^J 1 $-^.i9^L;^v:55^ ;$:^ii«ajicov^-C}i 6 0 *C-C 2 4 ^KiniltL/co ' ' Fnmr 
(DMF-d 7) KX^. -SO2 FOl 0 0%^^l^i\:^ii. 5K'J-7-fi7. 6*;v 
%P SEP VE^-^^L/vTo 
[0 0 4 7] 

MeOE^<D^\:^mmM:<ORm7>'e=.^J^^^\^^i> PSEPVE/VF2 3 5^°'J"7-<;) 

=^^^■^7 7';' 1. 6 5 V -7 h^woE^TKi: 6 g<7)^N"-7;v*n:t^'^>m7> 
^^■i'A t^^ALTto ;5:C^fl*«t, St-ei 0 0 p s i gtcjDEL^ 0 p s i 

s i g^zm%L. ^^K~7yit^:=.^)ry (VF2) -co p s i gi;/N--y tTto ^<^^^ 
^//N°-v-9-^ 2ia^>9^tfs:o Sl&tf 4" V F 2 <^ 0 p s i gT^ 2 0ml (DM^ 

P S E P VEJ^v;Vi;3 > (10 g P S E P VE«-^^1-S) ^EJ&H+^ftALfco K 
I5^l*l#tlt 2 0 0 r pm-cmWLX. 6 0t:t^ML;to ^J: V F 2 3 0 0 p s 

i gt^ilDJ±L> -^(0^2 0ml Mm7Rlw-{#J#L7t 0 . 9 glM* U 7 ^ 1 0 m 1 /^S- 
T'&AL;^Co M-^liO. 0 S^W^oTH^^L/^o 4 : 1 ^ Jl'JttT) V F 2 i: P S E P V E 
. (0. 5 gPSEPVE/ml ^-^^■rSPSEPVEJ^v;Vv3>'i: LT) b<7)m^<ISll 

R)S§f*i^3 0 0 p s i gj±ti^:mnLWh'^Mm9^fi^iii'^'t<Dmf^-^&m 

§|tC7^-Kt^Col^215gc^PSEPV Eij^KB^K 7 ^ - K ? tL^ t T% Rl5=Sr i 
OJ: ^ liii^L/sio ^^-P S E P VE<?)7^ - K*#j]it> ik#T-'^lt3 3 4 gc7)VF 2 

ij^Emm^y^-v^firLt^t-c, Km^'pms oops i gj£^;^ii#t'^^>{)^'^>^ 

IcitiPL^ Ops i gKifxm^iL. 2 2m*%**'J-7-«r-^^-r'?>fLfife*'';-7--^ 

. mm^ML^£i}^h^^M^rK i o ot:-e^^L, 5 5 1 gcT^fifelift'^^'J -7- t-^x. 

tzo D S C^9-Iffi^ ^2l)nmt?- 2 6VKify;^flK^U^^XU'l 6OV (AH, =15 
. 9 J/g) i^il^m'SrlS.falt-'^.'^^L/co Tct^Wli. ^tL^-^f) 8. 3^;v%PSEPV 
Ei^JrCfgi. 7^;w%VF 2 0¥i^&BS:^im-r^it^^'-e§;i)C, 3 0. 2 8S1:% 

^7.ymJ:x/7 ^ )VJ^^2 0 or-C7'^>5.fig?i^-r^c:^;<i^'-c#/io 

[0 0 4 8] 
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3 t<753 0 0 Om 1 ^-^^-^y Vm,W^. M^.-^y h ?iT2i4'> M 

-S O2 F) (DPS E P VE/VF 2 v-, 4 . 2 g (4 4^ V^JW) (T^^^TV 

^:=:'^Ai3j:t>'7 5 0 ml cr)M e 0 H LfCo EBm^m^ 2 5 ^ 2 4 B#ratl# L 

LX. 7yy.zi^(Dmi^l^^}^'kmnLtzo^SliiWGLC {^-WL^^-^ y-^'yy^ - 

0 0ml V }Vx.yx-^mLtzo *i67^:*°'; ^-^*^T 2 5 t:T-S^^#^$g*^L/co ' 
' Fnmr^ff (DMF-d7) KXy). -SOz F<Dl 0 0%»'fb$tL. 
9. 5^ JW%F S E P VE^-^^L^Co 
[0 0 4 91 

tt^l^?*:^^^^'^ t ti«fe*3 J: O^P S E P V E J: o T U V ^ S:^W»1- 
[0 0 5 0] 

Me 0H/H2 04'(7)ii^J<7)^SI'J^'!7A$-fflv^&P SEP VE/VF 2=t5J^U'V-Oi)n 

, ^ .> ^ ^ 

[0 0 5 1 ] 

fco' 79x=ni, mmmixm^LtzB g (i^s ? v^^w-so^ f) <^)p sepve/ 

VF 2 3:J^°';v-|&#, 1. 5g (20^'J^;W) J:t>'5 Om 1 OMe 0 

H/Hj 0 (5 0#iff%) ^mXLtZo m^-i^i^mL^£*'hs K^U^^^ 0VK2 

^y^KmM^^rm':^i-i>:itKX'^x ^mm^Ltzo ^>sbtz^')-7-im^T2 5x:x 

^^ni^^^mLfzo ' ' Fnmr:55-|lf (DMF-d7) t^ifJ^ --SO2 Y(Dtz'^ti<r> 
11 #';v-{i8. 2^JW%P S EPVE^-^^L/co 

[0 0 5 2] 

Me 0H/H2 0 4'<7)iifJ<^Rm'J^'>A$:fflVi^P SEP VE/VF 2=r*°';v-(^ilO 
[0 0 5 3] 

]tmnK^m^^Lfzi)K ^(Dm\^^^^X\t% ox:/ 2 Anm^^.\^tzo ' ' Fnmr:S- 
^ (DMF-d 7) t^J: -SOz F<^)2 8 %;&^'|S'fb$ v-fi7. 9'tJl'%P 

S EP VE^^^L/co 
[0 0 5 4 ] 

M e OH/H 2 0 4'(75ii^J(?)>^®:h b U 't' A ^ffl^/^i, P S E P V E/ V F 2 :3 # 'J v- (75 

fzht^t^mvEi-^o 

[0 0 5 5] 

3lf«75 3 0 Om I3'1-«#^77;^nn, mmmwm. i^Wi3cta^'Mt&AP$r«x.ott 
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tzo yy7.ziK. mmmi-^mm:Lfzi o g mi o^'j^iV'-sOj f) opsepv 

E/VF 2 4 . 2 5 g (4 0 5 ^ )V) ^Mi- h U A fc^ J: 1 0 0m 

lOMeOH/H^ 0 (5 0M%) ^^A L/to S^^i^t^ift^ L'^:65f>. RlSii-^^!^^ 
5 0 "01^2 4B#Kj3D^t^ ^tL^^^^ibmfiUJ^iPLTtro Vv-'Sritllc J: oT^*. 
2 5 T:<?)^^7XI^I1?S ^-fr-CiS^il--?) i t J: o T 4 HIE^ Lfzo V ^- 

T2 5"CT-tfeM^^^t7to ' ' Fnmr^lf (DMF-d 7) J: V) . -SO^ F 
<^ 1 0 0 ^ -7- {iTt ofc<7) 5 . 9 P S E P V E Lt'Co * V 

^-fet^^r^VA^-f (5~ 1 0 ^^2 0 0 X:x-:^Vy.^3t& ^tii^T^ 

[0 0 5 6 1 



M e 0 H/H 2 0'^'OigtJO.^®:^ ^ U i^ P S E P V E/V F 2 3 jK'J v-<^ 

in*35-» ^ ^ 

10 0 5 7 ] 

itmMCkm^^LfztK i<7)^JHov^T{±6 0*C/2 4^WJPi!;t;to ' ' Fnmr^d- 
m (DMF-d 7) KX^s -SO2 F(751 0 0 %>6«^'fk? tL^ jfT 'J 5 . 

l^;v%P SEVVE'k^^Ltzo 

[0 0 5 8] 
JtiS^JE 

Me 0H/H2 0*<7)^i^J<7)^m55?U^A^fflV>SP SEP VE/VF 2 ^tjK'J •7-(^JD 
[0 0 5 9 ] 

3lrc7)3 0 Om §77^3 1::. mM#^^ J: ^^'gtftAP«•^i;to^t 

tzo yyy^^K. %mm\X'm^\^tz2 5 g m2ZX')^)V-S0i F) ctjPSEPV 

E/VF 2 13. 8 g (10 0 5 V^JV) ^ 2 5 0 m 

l(7)MeOH/H2 0 (5 0M%) ^^A t/co H^^^Hijt^ t'5:*^'lb. 

5 0^ic2 2^KijnfS^L> ^tL;6^f5m?aic}^ipt/co U V- =^j8t^at^ J: o r^i?)> 

2 5t:<0^^7lcl^]lT§?^t:«tia-r*c:tlcj:oT4 l@I^?tt;to 

T2 5'C-r^fe«&#-^^*l^t7to ' ' Fnmr^;tlf (DMF-d 7) KX^. -SO^ F 

<75 8 7%*5^'fk?tl> *'';-7-(±;to7^v:(^6 . 1 *;V% P S E P V E t/^o 

-{±^ m^Ltzn^^y ^ (5-105 ;w) ^^20 Q'CX:fVX^Wi'-r^^ti)^X%tz 

°[0 0 6 0] 

Me 0H/H2 0 + <7?jifJ<^>^S^*U '^i^^fflV^&P SEP VE/VF 2 3*'U-7-<^i)n 
[0 0 6 1 ] 

]tmnE^U^'i^\^fz-bK i(7D'P!ltcov>-Ct± 6 0 "C/ 1 8 ^Ml)II^t;to ' ' Fnmr^5- 
m (DMF-d 7) Kl^. -SOi F<?5 1 0 0 %7i)^'^'fk$ tL. *° 'J -e-li/to/j*?) 5 . 
6^ JW%P S E P VE^-g-^L;to 
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[0 0 6 2] 

Me OH/H2 <7?®il<7>^mr b 9^^;V'7>^^'>A^fflv>^P SEP VE/VF 
2 =!*°ij v-OjDTlc^^ 

[0 0 6 3] 

4 ^fc^tS^t^^t-fiSx-Ott 4 'J h )\^(D:^^:^ r ^ l^x - - M^KJc^^ 
^^M'C^yyy'y^L. l. 6 5 'J h^K^M*.^ 6 g<^^>*-7;w:^n;t ^ ^'>'®T> 
^^-^A i:§rSAL;to Rm^^^^^L. g*TM 0 0 p s i gliiJPEt> ^1^0 p s i 

s i gi^m^L. :^r^r.y yit\£^')ry (VF2) T*0 p s i g\z^-^-VLtio ^<r>m 
%/ ^^-V^^ Zmm'&X.t^o KMWr^V? 2<DQ p s i g-e, 2 0ml <r>M^ 

P S EP VExv;Wv 3 > ( 1 0 g P S E P VE^r^^-r^) ^SlSff+'^aAL/to S 
JS?|I*I»^ 2 0 0 r pmX-mWLX. 6 0t:4C»t;to UM^^VY 2XZ 0 0 p s 

1 gicinffit, ^o^m2 0ml M7Kl^?§)»LfcO. 9 gi§ieK:*';'^7ASr 1 Om 1 
-eftAL/to m^JiO. 0 6I^MJ^o-CPii&L;to 2 : l ^ ;vJt<7) V F 2 t P S E P V E 

(0. 5 g P S EP VE/m 1 ^-g-^-r^ P S E P VEJ^-7;Vv 3 LT) t(DU^m 
&I&f|4'*^ 3 0 0 p s i g|±lJ^^i^L'^:()«f)-?-*L>i^M»$tLi,(J(S'?-c7)5$E-CEJS 
^\zy^-YLfzo m2 1 5 gOP SEP VE*«S:iS^t^7^- V'^fl^t-^. 
<7)cl: 0 i;i^«U;^:o ^^t^P S E P VE<^7^ - K^#itt, ^ft-C-^ttS 3 2 gOVF 2 
7!)5E)Sfft^7^ - h^^fiXLtotX. Em^^^^3 0 0 p s i gJ£lJ^m!^lWib^ 

J'J^iPL^ Ops i gK^'7.m^tL. 2 2S»%'K';-7-$r-^^-r2>aSfe'i^°'>' v-x 

> ^Mi'M.Liif}^h^^M^TK 1 0 OVX^mL. 5 2 4 g (T^SfeW'J^ <; v- ^^x. 
;t:o DSC^;^fi> ^ 2inifc-e- 2 3 m^fi.^r.t?:^f 77>e^fiS*3 J: 6 5 "C (AH 

J =20. oj/g) Kmm^£^^BmM.i^Lfzo TcM^^ii^ ^fi^^hs. 2^;v%p 

SEPVEi3j:0^9 1. 8*JV%VF 2(^)W^^^tt#1"S^^*^'^^^C, 3 0. 3 

^0^(^S'fe7,7 7'i3«t?>'7>f JVA'x2 0 0 t) t?7" l^X^BI-* i: ^^-C § /Co 
[0 0 6 4] 

10 0ml 777.=rjrM3lt?^iP|f^ mam*|2#feJ:C^^tj^XP*#x.ottfc» 77^^.3 
H> ' ' Fnmrm;t58. 4 ^ P S E P V E ^-g-^T^ 5 . Og (1^ 5 5 >; ■=& - 
SO2 F) PSEPVE/VF2> 4. 25g (20^ 'J ^J^) RBy h 7p« f-;i^7>^ 
.:^7A^J:c;'-5 Om 1 Me OH/H2 0 (5 0#^fl%) t ;to #^^^t-^t# t'fe5!)« 

7t^°'J'7-^*^T2 5t:-e^'^bT4. 12g (17. 6 <7)»fe Lt^BI rr/N 

fe»#^^^7to ' ' Fnmr^lf (DMF-d 7) -SO^ F<7)7 3%;&«4i<k 

$tL. t'')-7-iitz^tz<D5. 0-t;P%P S EP VE^-^^t^sio 
[0 0 6 5] 

Me OH/H2 0'^(7)m\<^RWLT Y vx^;WT>^-'>^*fflV>2,P S E P VE/VF 

2 htK'J 
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[0 0 6 6] 

10 0ml 7y>^^i>zMM^M^. mmwm^ xzfmB^XQtm^^nfco vvt.^ 

IC. ifc|S£^JGT-lilJL;t:5. 0 g 5 5 U ^ JV- S 0 2 F) CO P S E P V E/V F 2 n 
*°'J-7-©#. 6. 4g (2 0 5 U^.'l') R^T h7Xf-ji/7>'^^'>Ai3j:a''5 Om 1 
<7)MeOH/H2 0 (50#II%) ^^ALt^o a^:5^lcit#L'5:^>'^> M^^S-^!^^ 5 

2 5t:-e^'^tT4. 78g(4. 8%^*) <7?a'feii^#^#x./Co ' ' F n m r ^If ( 
DMF-d7) ^^c!:<9^ -SO2 F c^^t o 7t(^ 2 8 tL, d^°'Jv-Ji8. 6-=e;i/ 

%P SEP VESr-^^t/^o 
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WO03/>W7«O PCXrUS02/2LSZ7 

p » 
MBTHOD FOR FORMING FLUORINATED lONOMERS 

new Qv mi iNYWPoia 

This invention coneenu nmmoiuuin icnomefs, and a mcdiod fbr prepoiiag 
them by contoctliig a palymcr having a anhstantiBlly fbunJnatcd. bnt not 
5 ptailuoriiiated.polycthylambadcbQnB^^ 

luUonyl fluoricio, with an occets of ummimiiun ciriionatG wiutioii. This mvciiuati 
fuidicr concenn a method for fainiiiig iononusis by iun exchange with ammamuni 
ionoraan. The iononicra so fonncd are useful in electrochemical applications 
such as batteries, fhel cells, dcctrotysis cells, ton oxchangc membranes, sensois, 
10 decDoeheonlcal capociion, and mo<Mficd elecinxles. 

Copoiynoers of vinylLdens fkioride (VDF) with vmyt aUony sulfiuijrt 
haHdcs are known in dis aiL 

The disclosmes hi Ezzell el ol. fjUS. 4^^25) eucompus copolymen uf 
15 VDV with vmyl ethoxy suUboyl flnorides containing one ether linkage. Piadosed ' 
is a pnceas tbr emulsion polymeozatioa of tetnflaonKthytene (TTE) wtdi itie 
vinyl ethoxy comonomer. 

Bnncq«c a al. (JOS. 5,(S72,438) discloso copol>'m«!n of VDF widi vinyl 
idkoxy stdfinyl fluorides contuming more than ono ether iinkajjo. 
20 Connolly ct al. (U.S. 1,282,875) disclose the tctpolymer of VDF with 

perfluorosuUbi^I fLoonde etbaxy propyl vin^ ether (PSHPVE) and 
haafluoropropyloiw (HFP). Thoy broadly teach on emulsion polynxorization 
piQcesa said to be applicable to copulymcrizstion of ^inyl etben with any 
ethyleniciiUy unsaturated comonomea:, with grealesl applicability to fliuuinoted 
25 monomers. 

BnoKS cl al. (JUS, 5^9},676) disclose "sttotantiaUyfluorinalcd" 
copolyDien of a^nnyl ether cation exchange groupHKUitHjniqg monoma with a 
"sabataitlialfy Qnonnatisd" alkGne: The d^lymer is pioduced by conUoUed 
Bdifiljott of the alkoie in emoloon polyraerizaliott* followed by hydrolysis in 
■30 NaOH. PSEPVE/TFEcopolymenaieexemptifled. 

liieialact aL, J. Mater. Cheni- Volume 7 pages 721-726, 1997, disclose a 
porous poIy(vinylidcnc fluoride) on to which styrcnc is gjmftal by otposnig Iho 
PVDF to iiradiolion. lite styrcnc fiuxtionatity is Enbs(xivcnlly fia»doaaJj^ 
sulfonic acid by exposure of tha potymer to chlorosuifbnic acid. The resuttanl 
3S acid polymer, in combination with water^ provides a proton-conduEting 
membrane. 

Pormatlun of ionomeis and add copotyineis by hydrolysia of the saUbnyl 
fluorido functiooaUv in 0(^l>meis of TFB and fluoio allcoxy suUbnyl flnorides is 
I 
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W0tlM»7«J PCTAISflMlSlT 

well known in fhe art Ttiem teaches esposunirffbe copolymer to stron^yba^ 
eondiiioDs. 

See for acampic, EzzcU aL US. 4>40,S25, wherein ts used 25 wt % 
NaOH{aq) for 1 6 houri at 8(W0X; Bancrjec el al. U.S. 5,672,438, wherein is 
5 used 25 wt % KaOH for 16 houra at 90*C, or, in the allcmAtcvc, an aqueous 
solution of 6-20% alkali rodal h>"dnKdria and 5-40% polar oigamc liquid (o.g^ 
DMSO) for 5 minutea rI SO-lOtyC; BzzeJl d al. VS. 4,358^45 wtwrein is used 
.OSN NaOH for 30 minutes for SO°C; E»dl el aL U.S. 4,330,fi54, wbcrein is used 
95% boiling cthmol fix 30 minutes followed by addition of equal volume of 30% 
10 NaOH (aq) with heeling coMltnued fot 1 hour, ManhaU et al. EP 0345964 Al, 
wfauein is used 32 wt % KaOU (aq) ond meihaiiD] forl6 hows at IQPC, or. in the 
altenuuive. an aqueous mhitionof 1 1 wt%KOH and 30 wt H DMSO for 1 hour 
at 90^ tad, Banua et at U^. 5^95,676, wherein ia used 20 wt % NaOH (aq) 
IbrlThouisatSNPC 

1^ Bectuas of tls lugh diflleetric constant, hii^ eloctrocbenricat sbdiiHty. and 

desirable sweUins pioperties. po^vinylidene fltraride) i& known in die art of 
lithium batteries as afaigbly desirable material for use aa a membrane separator. 
For example Gozdz et al, (U.S. 5,4 1 8.091) disclose porous PVDF bomopolymcr 
aoi copolymer containing solutiona of lilhium cartionates in apiotic nlvettta 

20 useful as separauns in litliium batteries. 

Porous mctnbmnea of the type descnbed by Cozdz. however, conduct both 
the caHon and the anion bock nnd forth across tlw; separator, and are thus subject 
to eoncentxnUoa polarization during use, whici) degrades the parfbrmanoe of the 
baftery in which it is used. So-called single ion conducting polymeric meaifaranesi 

25 wbeceintfaoionlecaAonate is atiaehod to the polymer back^^ 

immobilizing ellher die catioa or Uio anIoD, offa a sohition to the eoiKca^^ 
polarizotion pcoblfm, and are laiown in (heart. One particularly wdl>known such 
anigjo ion conducting potymer is Nafioo^ Ferflimoioiioincr Resin and 
l^leinbfBnesamibdilefiKmiDaPant.'WIhidngtoa,^ Kafiooisa 

30 copolymer ofTEE and peifluo»(3,6-dioxa.4.inelhyl-7-octenesuIfbnyJ fluoride) 
wfaicfa has been faydrolyzed by bcatment with on aflcali metal hydroxido acoording 
to the teachings of flie art as beninalMve described. 

h is further known in die art, and beieinbelow shown, that PVDP 
homopolymert and copotymen ate subject to attack by strong bosca socb as the 

25 alkali metal l^oxidestflu^t in Ibes art lioieinBbovo cited. Of particular 

importance is Hbstt (he attack of basic oucleophiles on a oopolymer of VDP and 
perOuotovinyt ethera results in the temox'al of the vuiyl eflicr moiety fiom (he 
polymer; sec V.W. Sdamegel In Die AngewandteMdcraaioIekuIaeaiemiQ. 
2 
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76/77 pp 3911; 1979. Since (he highly ptdcnwl mononusr species taught in the ait, 
and exenqilifiedby DuIHnU'sKafioD and similar pioducts. for impaning 
ionomeric character to variotts polymers i» a vinyl ether tenniivUcd by a nUfony! 
haZide Ttinctionulily, ths sensiu"vity to base attack of the VDF copolymer fonncd 
5 thmnn-ith has prevaited the development of a shii5le»ion ooodueting ionomer 
based upon VDF. TTwie simpljrU no means taigtemiheatt for Bwkii^ 
iosomcx. 

Do^e ct aU U.S. Pntent «,Q25,0J>2, discloses iOTJomcrs fonncd with 
vinylidcnc Huoride copolymers by subjectins sulfonyt fluoride coDtainins 
LO piecursots to hydrolysis vvithalkidi and aDalbB earth metal caibM 

lithium caibonate. uoder mildly basic conditioiis. The me^ of Doyle et 0, 
however is UioHcd in that OBy cxmbs over sldchiometEio Rmoimia of Oio 
IqdiDtyimg Qgcot »<«Hs in «taek an the VDF 

dosradation. Thus the method of Dc^te et al is limited in industrial appticabilLty. 
15 Boiton ct al, WO 0OS2O8SA1 , disdoses melt pmeessibk oosnpoahians 

cwn pri gjwg ^ I k^l i metn^ ionnmcgfthftviQg vinytidcnfl figoiidc tnomnnermntai and 

Itqmds intbibcd Aerewithin. Tho ionomecs of BBrton al aie not melt 

proccssibic without jncoiponOion of tlic liquids. 

SUMMARY QF THE INM^NTTON 
20 The present invention provitlcs foe an toaomcr comprising monomer units 

of vinyHdenc fluondfi ajwJ 0.5-50 mnleK of a perBuamalkenyl monomer hsnvs a 

pendant group of the Gnmula 

(cm:f3CFR)pCm:;f2(cfr%S03- niv 

n-hereiD R and R' are hidepondemly Eclcctod fitsn F. Q or a perfluorinaiod aDcyl 
23 gmnphatvingl la 10Gaibonatoms»a»0» Ior2,ba0to6. 

The piosent invendon also providea for a process fbrfiuiiiing an ioaonier 
oompiinng 

oontaeting a polymer oomprising 

monomer units of vfnylidene flnoride and inole% oX a 
30 perfluoroAaDBnylmanamer having a pendant gronp of the 

fomula 

-(O-CP2CFR),CW3?2(CFR')bS02F 
wberdn R and R' are iodependeoUy aeiected &om F, Q or ft 
pcrfluorinated alkyl group hawing 1 to 10 caibon atoms, B » 0, 
35 Ior2,b«0to6. 

with an excess of a solodon of ammonium carbonate for aperiod of 
time BofGcicat to obtain the dogiee of conviosion desired to the 
unmomom oullbnate form of the polymez. 

3 
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DgTAILEP DESCRlPTlbN OF THE M^TIOW 
For the piiiposes of description in thq prcscn: inventioD, the generic tenn 
"ionomer" wtU be taken to encompass (be ammonium sulfonate and the satTonic 
nciJ forms of the polymer of the invention, as woll as tbo alkali and alkaiina oortb 
■ 5 salts thereof. Por the pitjposo of the present invention, the tenn "excsss" when 
spplied to the aroraouium carbonite solution of the picseni invention means that 
the solution coatains more, pnefciabJy many fold, more than the amount of 
snunoaium caibwatc neecssiay to achieve cunplete faydiolysis of the auUbnyl 
fluoride to the sulfanntie baaod iTpon ronction stoichiomotry. That ia, "cxtxst" 
10 meara beyond, jneferalily mony fold heyond, the stolehiivnietric amoont. 

TliQ teiin "sitbotamially fluorinatod* neam tbst a Isurt SO iiKjle% of the 
hydrasens of Oic conc Bpon d i n g polyctb)4ene badd)aiietasve been replaoed by 
flnoiinea. 

In one aspect of the present invention the snlfimyl fluaridpHxmtximng 
15 precursor polymer is contacted with a many fold excess of animonlnm carbonate 
solution, cfEccting the l^drolysis of the snlfoi^ finoiido to the ansnonhim 
sulfonate wiUiout degisdaf ion of the polymer backbone hi another aspect of the 
present inventioD, the ammonium salfboole ionomer may be melt processed, such 
» by thermal consolidation of ammonium sulibnale ionomer of die inveirtion into 
20 a shaped article such aa a polymer Gbn, willu>ul the addition of any liquid to the 
polymer. 

Meana for fiaxaiiagtln tauoiootum sulfijnate ioaonei into a Glin, sbeM or 
other Aaped article include mcltpretsing and exinuion usms a scraw extruder. 
Other means include roU milling and aiA other means well-known in the ait of 

25 {dastks processing for forminBshqiodartiolea of themioplaaticpdymers. The 
anunonittni ndfonato ibnoner of the htvectlon can alto be finped into slu^Md 
articles according to solution methods dBlaied in the nt soch as by ifiBflohdion in 
a aolvent followed by solution casting of a fibn or sheet tipon a aubatnda 
However meh processing ia pruferred. 

30 In en altamativo embodiment uf the present mvontion, the sulfiiny] floniidB 

£oTm of die polymer is Srst melt-fonned into a aheel and then contacted with on 
excess of anunoniun cariwuwte ablutian to efScct hydntyiia to the amnKumnu 
snifbnate ionomer. 

In a ftffther onbndimeot, Iho ammonhmt sulfonate tonomer is contacted 

35 widx a minend iictd, preferably an sqaeous mineral acid, such as nitric add, to 
fimn the sulfonic acid ionomer wfaddi is nseftd in fuel cdls. Id yela finHwr 
embodiinait of the invention, the sulfimic add ionomeiiB contacted widi a 
aohdMn. pceftnibly an aqueous sokitiin^ of an alkaU inetal satU sndi ^ 
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fom the aDeali stdfoo&te ionomer ose&i] in vaiious electrochciuical ccUs such as 
litfahun batteries. 

In a further cmbodimciiL. ihe onuntHiium ionumer may bo contacted wiilxa 
soJution. preferably an aqueous colutioo, of an aftali metuJ salt such as LiG lo 
5 form the alkaU rotrtal ionomer by ion exchange. U is prefcncd, howcva, to finrt 
roan die &tt]fonic acid followed ion exchange to foim tlie aOuli mxxaU 
pFcfciably the lithium, ionomer. 

In qIJ said roregoing embodimnita. it b preferred thai Utoiammer 
undeT^aing tlie ion cxchangB processes be in the fonn of a film or sheet. 
10 in thfr pu)oesG of the invennaai vinylidene finoride (VDF) is copoiymeiized 

tvilb a mihianio monomer (Q represented by thft fimnula. 

where R and R' an independentiy selected £rom F, Q or a Quorinaled, pttftfably 
perfioorinaiedLalkyl group having 1 to 10cart)onatama.ft<»C^ 1 or2,b"Oto6. 

M FrefetiiblyRia iiU]uoiomethyI.R'i«F,ft»ltmdb- 1. fnthapiDoessof the 
invention, the oopolymei so fonnod is contneted with an excess of a solutioa of 
ammonium carbonate to fuim an lunomcr comprising monomo' units of VDF and 
0.5-50 molB%. preferafaty 0^'36 mole"/^ ofan ionic perfluoroaliconyi mononier 
having a pendant group of the formala 

20 -<0-CF2CrR),0-CF2(CFR')bS03-NH4+ 

where R and R' arc iadq)aident]y Rdxtcd from F, Q or a pofhiorinated alkyi 
group having 1 to 10 carbon atoms, a - 0, 1 or 2, b « 0 to 6. Prefembly, R ia 
tiifhnnonielliyl.R'isF.a-Oor t,b-*t. 

the amnunuum cnrbonala solution saitaible for use in (he prcsoot invention 

23 is a sohition formed by adding ammoninm oarhonalB lo vrater, akobol, organie 
cadxmaie, or mixtmoi thereof. SuiUlble alcohols indude but an not limitod to 
iscttunol, eUuat^and butanoL Suitabtecaibonates indudobot aienal limitod to 
ctliylone enrbontto and pcqpyleoe caibwute. Piefisably Iho au umjui uu i catbonatc 
is dissolved io a mixtuze of methanol ond water. 

30 A prefared hydrolysis process of the invention corapiises oootacting the 

sulfimyl fhiDride-contaijTiag polymer with an excess ofa solutioa orsfflmontttm 
caibonate in mcthuol (optioaaUy containiDg another solvent such as water), the 
range ofco. 0-85*0. preferably room torapenlure to 6S''C for a sufScioot length of 
thne to convert flie desired pefdsttngs of sulfonjtf fituride to omnunniun 

35 sulfonate. 

GeneraUy piefenred are the mildest hydrolysis oonditions posabie 
consistent with timely convenion of the sulfonyl flnortde. The severe hydrolysis 
omdltions taught in the Bit for hydnst/dng snlfiayl fbnride to 
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case of tgoomcre whidi do noi include VDF, cause desradation of the VDF' 
coimiDins copolymer in the pzesent invention. Tb9 degree of convenicm can be 
coDvenitaitly monitored by Qic disappcanmca of (he cliamctemtic infiaied 
flbsoiption band far the salfonyl Quoride group at about i 463car^. Altenwlivdy, 
5 I'FNMR spectroscopy maybe used as described in Qte examptes. 

The ioocnners prepared by the process of £hc invention include copolymer 
composition:] in which Ihe ioaic manomcr imit is present io the ionamer of Ac 
iuvendoQ at concentralioos renging fiom 0.S to 50 inot^ preferabty OJ- 
36 mole%. 

1 0 Other caitiome fonns of the ion-exchange fnembiBiie can be achieved using 

iuo-exefaoDge procedures cuanaunJy known in Ihe mt md 8B ouUined hocein above 
(us for example Ion Bxchaage by F. Heinbricfa, MoGnw Hill, Now Yoifc 1962). 
Forouunple^ the pioiooie fosm of the membrane ia p refer ably obtained by 
immeniiig the aiimianitm-iaDonicr iiito an aqueottB acid. 

15 Silver and copper suUbnateioiiomencaa be nade by ion a 

tfaoainnaiuiiiosttUbnaufonaofthBpolyiner. For eXBoiiile, repeated treatment of 
tbe amtnfwn nm sulfisnatc ionomer wiflt an aqueous aohition of a silver salt soch i» 
silver fluoride or silver perchlorate wonld tnoduce ai least a panielly cation 
exchanged silver suUbnalo ioinmcr. b a ahnilar fo^on, the cuprooa sulfonaio 

20 ionomer can be produced by repeated irootmcnt of tltc omnHmium aulTonale 

ioi»mar with an aqnenns acidic sohitioD of a copf>er Ealt sich as cuprous chloride. 

In many applications, the ionomer is preferably formed into a film or 4beel. 
Filmstif (hcionomcrmaybcfinnudaccoidjsigtopnicesscskmiwaintfae ait. to 
one eislMdhnenr, the (hcnnc^la^o sulfonyl fluoride jirecuiBar is extniiion mell 

25 casttntoaooolcdainikesodtasaEDtatiiigdbmioriDltvdicBcetti^ 

iQidtDlyiitaeconiing to the process of the invention. faiaseeondoniboiBnieat,a 
sttlfiu^ Buodde- containing pt^ymer is dissolved hi a solvent^ the sohition cast 
otte a smooth surfiioe snch as a ^ass pbile oaing a doctor Icaife or oflier dewue 
known in (he art to assist in dqx»idng fibna on a substrate, and the resultant film 

30 sul>jeettohydn>iyme£eordingtoftepn>eeasoriheinventioo. Inathifd 
enbodinient, the iruICbnyl flaoride copolymer nsm is stAtjecf to bydn^yslsby 
dissohition or suspension in a hydrolyzittg modioai, fbUowed by optional additioa 
of cosolvent, and filtration or ceotiiUgation of the resulting mixture, and finaOy 
solvent casting of the ionomer solution onto a cubstratc uaog a doctor kmfe or 

35 other device known in (he art to assist in depositing Gfans on a snbstrsto. 
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In on alternative embotUmeal, it is«Ibimd m the pmetice of present 
mveniitHi diet the ammoniuai ionomer is particuliuly anitaiable to melt fcnning. 
Thus, the ammotiium ionomer may be isolated ia the form of a powder, and tho 
powder molt formed into a film or sheet which mjy thca be sntgeetto ioa 

5 excbangc according to the methods taught heicia 

llie wnomera ptepared BoncdiJig to Qw prwtic^ 
teipolymers. Sinlable third nunommiiKludeletrafluoroelfaj^ene. 
chlorotrifltnyoediytein. dhylent^ hexailiionpropylene, tiiilaoroedqiene, vinyl 
fkioritbs, vinyl cbloddB, vin^en eUofide, pofbiuco&lk^viiiyl eihen oflbe 

10 rnnntiliCF2-CPORfWhcreRf'=CF3,CiF5orC3F€. Preferred tennonomcis 
includo tctcaSuoRiediykne^ hcxafluoropropylene, ethytecu and the 
paniuMDBll^nyt sUiea. TennonQroosaiepteftxablypfese«intfa6pQlyimra^ 
a concenaatiM of tq) to 30 inole%. 

EXAMPLES 

15 All chemicals woe used ta received unless stolod otherwise. 

Tho following tenus and abbrevinttons are tued in tbo e^ramples. The 
abbrcvUtion "VF2" refers to die monomer l,l-difhioio«hiaio. The abbrcvialicii 
TSEPVE" refers to 2-[HdinuoroUwifiuoroathcnyI)o3iyJtneihyll-I A2> 
tetrafluornethoxy>l ,1 .2,2->tetmfliMRnedianesutfi»]^ flnoride. The totm "MoOH" 
20 refers to methyl dc«hol. 

JMffhmtil*! H-*^'"g «tfllnrim«dry (r»C) perfhrmett aecMding to 
ASTM D4S9I , in a lutrogcn amiospherc mid at a licalinft rate oflOKtmimsis, 
aang a TA InstKumeiiU Modd 2910. 

W F MkdR specw were itcoiidfid ttsmg a Bnika AVAKCE 
ZS qicctrametcr. 

ITie below examples wcit: performed on polymer powder which can be 
pressed into ^xxl (Uma. Films can also bo bydrolyzed directly by imroezaing (hsm 
in an ammomtim cailsoiute bath QAeOWilzO) aon$ dds niediod. 

EXAAIPLEI 

30 Hvdrolvaa of PSEPVEA/F2 copotymem sing excess ammoniimi cafaonate in 
McOH/H20 

A 4 Uler liorizonlal. itajnksr^led Btiirod poiymerization tattat eipupped 
with a 4-bla4ed agitator was fliidied with mlsogca and chaised with liter of 
dooinoaiized water aad6eofaiiimoiniDnpaflnoiDoct3ooalc. Thereactorwas 
35 sealed, ptcsanrized with nitroscD to lOOpaig andlhen veooted to Opsig. Una 
pressute^fcntiitec^le was lepealed twice. ThezeadorwasfhoievaeiiaJcdln 
-14 pais ftsD parged with vinytidenodiflaoride CVF2) to 0 pag. This 
ovacoatron^piirEe^lewBS repealed wo tines. At OpagofVF2 in the reactor, 
7 
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20 ml of an aqnsons PSEPVE emuJsioa (comainmjrlO g PSEPVE) was injected 
into llio reactor. The reactor cootcmsweie agitated at 200 ipmAixlhcfltod to 
60"C. The reactor woa pressurized wilh VF2 to 300 psjg at which timo 0.9 g 
potassium persulfaie dissolved la 20 ml demineialized waler waa iojected st 

5 10 ml/rain. The polymcrizaiira iratialod in 0.07 hr. 

A nrixtuic of VF2 and PSEPVE (as PSEPVE emulsion containiug 0.5 g 
PSPEVE/ml) in a 1 :1 mofc ratio was fed to the reoctor at about tho mic at which, it 
\\-iui cansumcd loaintiiiiung about 300 psig pressuiv in the reactor. The reactioa 
W2a contimiod in this wzantt antil abotU 215 g of PSEPVE woo fed to the 

10 reactor, llis feeding ofPSEPVEwaithadiscoaiinuediiiidVFZ was finl to 
reactor at about thei^arvrindiU wucoosiunedmuotmotngdioutaOOpsi 
pnssiiEB in the iwtor. tuiti] an overan total of 334 g VF2 hid beai fed lo tlw 
raaetor. 

The reactor oonteots weta cooled to amlnait tcmpeisture^ vented to 0 psig 

15 and discharged as a raiOcy-whiie polymer emnlskn cootaiaiflg 22 vt9i polymer. 
The polymer emulsion was Uroxoi to cause ogglamentioii of the polymer paiticlea 
and their separaliaalhim the aqueoDs phase. The po^meraggtoniBrates were 
fihaed and vashed vigorously 4 times with filtered tap water at aboitt 50»C then 
with denuncralized water oi ambient temperaiurc. The washed potymor was dried 

20 at lOOX under partial vacuum with a sweep of oitroeen to yield 520 g of while 
gnnm)&r polymer DSC analysis showed a ylaas transition tempemtme at -24'*C 
(b1 the inilecl3on point) and a well defined crystalline melting poim at IGff'C 
(AHf^2J/g) on ttio second hcsL Elemental analyiia fiiimd: C; 30.41 wt9i Gnm 
whidian average composition of 8.1 motoS PSEPVE and 91.9 iBOle%VF2couM 

23 bacalealaied. The pnlymo- could be pressed inloiranshtceot white slabs and 
fibns at 200^ that wen elean and dense, flree of voids or visible eolor. 

A 3-neclnd 300 ml jaoketed Dask wn eqiqiped with a magnellc stir bur. 
condenser and nttrofioa inlet. The fiask was charged with 10 g HO mmole 
-S02f)«f the PSEPVE/VF2 eopolyiner prepared above. 3.85 g (40 mmole) of 

30 ammoruum caifacmate and 100 ml of MeOH/H20 (50 v%). With gentle sl»ni« 
the reactianmixtnre was heated to 50"C for 24 hr. then cooled to room 
tcRipemture. The polymer n>'as collected by filtration then washed 4 tones by 
ajspcnding in disliUcd water at 25'C and filtering. The collected polymer waa 
dried at 25^0 under vacuum to a white powder. By '^mnr analysis PMP-dT), 

35 100% of the -SOjP was converted and the polymer coatained 8.2 mole% 
PSEPVE The polymer could be pfx»sod at 200*C intD a thin libn (5-10 miO 
wliich was colorless^ clear ond tough. 
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Hvdrotvsi!! of P SEPVEAfF2 conoWmer film uaing excaa ammoniitm ggbonatg m 
MeOH/H20 and conversion to the snUhnic actd fonn 



5 A film, 0.005 in. to O.O07 in, Jbitk, vvas prepared Irom (lie PSEPVE/VF2 

copolymer powder prqiared in Example 1 by tnell pressing at 200"C, The filni 
was supported hetwcca Tvfkm'"* mesb to ptovcoi it from, folding on Hsetf and 
immersed for 24 hr in s 1 •liter stirred bath contaimng a OA mobr ommonhim 
carbonate solution ia 1:1 mcthanol/watcr al SfyC. At the end of fbiB period, the 

10 supported iilni asvcoibly was moovcd Srom Qw m n mo a inm wtoiiaie nhHiosu 
rinsed witti sevecB) poitioos of demiDeralhGd water, then immased for 18 far in a 
socoml I-UtersDiia] bath contmiang 3 moitfiiilnc add at TOT. Attihe end o/tfai» 
period, the supported fibn assembly wis lemoved ftom the nitric add solution, 
rinsed inth seveial pcainms of dcmiaeraUzed wata, ihea 

IS demniaBlized wato-riir^.ThewalivwBscfaiingodKnre^ 

boiling to remove residoal nitiic acid. At tbe end of this period, the Kiq^rted Glm 
assembly was i-emoved &om the boilhis dcminenltzed water and immediai^ 
immeiscd in trcsb (icminerdfizod viaxa ai ainbicnt tempcratms, A 1 .G by 1 .5 ctn^ 
section of the fi Im was blotted dry flsid assembled into a cooduccivity eel). Proton 

20 ion conductivity was meaamed at ombiem conditiQiis according to (be melbod of 
Sone c« aU J. Electrochem. Soe 143, 12S4 (1996). and determined lo be equal to 
81x10^ S/cm. 

HwlrotvaUof PSEPVPv'VF2 conolvmer lurine excess ammonium carbonate in 
25 Ma0H/H2O 

Example I was rapeatedl but heatiiig was st 60^ for 24 br fur this 
eatample. By ^^^ninr anidysts(pMF-d7)» lOOK of tho -302^ was convetted and 
the polymer cantdoed 7.6 mok% PSEPVE. 

carbonate in NfeQI^ 
A 4 Uter horizontal, staiQless-steel stirred polymerization reactor equipped 
with a4'bbded agitator, watt flushed with mtrogea and charged wiUi 1.65 liter of 
deroincxalized water and 6 g of ammonium perQuorooctanoate. The reactor was 
3i sealed, pressurized wiihuitiogqi to 100 psig and then vented to 0 psig. This 

piessareArenting c^le was repealed twice. The reactor was evacuated to -14 psig 
then pQigpd widi vinyltdene difluorido (V?2) to 0 psig. This evocuation^urge 
cjide was repeated twice. At Ops{g ofVfl in (he reaeloiv 20 ml of an aqueous 
9 
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PSEFVB emuMon (cootainins 10 g PSEPVE) was injected into the teactor. Tlie 
reactor contcDta were agitated al 200 ipm and heated to 60^ Tlw reactor was 
pressurized wiih VF2 to 300 patg at which tiroo 0.9 g potttaahoa pcrsulfine 
diasolvcd in 20 ml demincralized walw^ was it^octod at 10 ml/mia. Tho 

5 polymerization miliaicd in 0.05 br. A mixture of VF2 and PSEPVE (as PSBPVB 
emulsion containing 0.5 g PSPEVEM) in a 4: 1 mole ratio was fed to tho reactor 
at about Uie tato at which it was conaomcd niutiAaioing aboitt 300 psig pressure in 
(he reactor The reaction was coaliitued in thia manoer until aboiit 215 g of 
PSEPVB were led to the reactor. The Ceedisg of PSHPVE waa then discootintted 

10 and VF2 was fed to the reactor St about the rate St which it was consumed 

rpairttaifwng 300 psig ptcsstice In tho Ecactor, until an ovcraii total of 334 g 
Vr2 had been fed 10 the teactor. The reactor contents were cooted to anbieot 
lempoeture. vented to 0 psi^ and dlsdiaised as a oiilky-whho polymer enuilsion 
caniahuQg 22 wl% polymer. Hie polymer emnlsioii waa fiozen to coose 

15 a{{gIameration of tho polymer particles and their scpanitkm fiom the aqnoona 
ptatta TbopofymeragglomeratnwflminterBdandwadifldngoready4ii^ 
with filteml tap woter at .dxmt 50^ dicn with demineralizod water at amhieat 
temperature. The waslied polymer i^lomerates were dried at 1 00^ noder pazti al 
vacuum with a sweep of nitrogeo to >'jeld SSI £ of white granular polymer. DSC 

20 onatyaia abowed a gloss transition tempcmlure at - 26°C and a well deilnod 

ciysBlIinB melling pobA at 160^ (&H(^l5SHs) on tho second beat. Elemental 
analysis fi»md: C. 3028 wt% dom which an avenge composition of 8 J mole% 
PSEPVE and 9 1.7 mole% VF2 could he calculated. The polymer could be 
preaaed into tiaaslucent while slaba end fibna at ZOO'C (hot were clean and dense, 

25 fiee of vokb or virible oalor. 

A 3-ii0dEed 3000 Rd flask was equipped with an overhcBd sinm 
mantle, dnppiag fiuniBl, dbtiUation head and nitro^iaiDleL The flaak waa 
ehaiged with SOf (44 mmolo-S02F) PSSPVEAOi? oopolymor prepared tfbovc, 
42 g(44 nuDolc) of ammonium caitmnate md 750 nd of McOH. Hieieaction 

30 mixture was sttnisd at 25n: Iter 24 hr. The reaction mixtuK was hfsied to 
to distin ofitthe MeOHL Toluene was added through the dropping fimnsl to 
maintain ibs fluid level m dte flask. The distillation was continned until the 
distillate contained <1% McOH by GLC anal^ at which thne heating was 
dlgcontinued and the reaction niixture was cookd to 2S°Cwiftstircing. The 

35 polymer waa collected by fillration and washed on the filter with 500 m) lutuene. 
The coUccted polymer was dried at 2S"C under vacuum to a white powder. By 
t^omr anolyais (DMF-dT), 1 00% of the -SO^ waa conveitod and (he polymer 
contafaied 9 J inote% PSEPVE. 



10 



(26) 3P 2004-537612 A 2004.12.16 



WO«3/(»745J PCT/USftWiaiT 

rOMPAR ATIV-E EXAMPLES' 
Comparativo cxonqilcs show other alkaJi metal carbonates oi tctraaJkyi 
azmnojuuni caibonztes aic eiiba: inefTeclive at ^OjF hydrolysis or Oaffaio (he 
polyoier by discalocacion and toss of PSBPVE. 
5 COMPARATIVE EXAMPLE A 

HvdmhBiis of PSEPV BA^ crmolviner niring Bxcess lUhiwn cabonafeln 
MeOH/H2Q 

This examplfl demonstrates that Htluaiii curbazmlo is ioefibctiva ot 
Gonpleic hydralystB of the auUbnyl ihuuide moiety under the coodltifuu of 
10 BxBmple t. 

A 3*iwckod 300 ml jaclceied Oask. was equipped with o magneiic atir bar, 
eoodenset and mbusen inlet The fiaik was ehmged with 5 g (-S minolc •SP2F) 
of die PSEPVB/VF2 copolymer powda- prepared in Exsmplo 1,1 .5 g (20 nnnute) 
Uihiuin caibonikte and 50 ml UeOUMiO (SO v%). With gentle stjihng, (ht 

IS reaction inixlan: was heated to 50<'C for 24 br, then cooled to room 

The polymer was collected by Sltrotioa then -washed 4 times by su^iding in 
distilled water at 2S'C and filterrag. The collected polymer vm. dried at 25°C 
imdcr vacuum to a vihru: powder. By ^^mai analysis (DMF-dT^ only 17% of the 
-SOjF was converted and the potyiner cootabed 8.2 tnol«% PSGPVB. 

20 COMPARATIVE EXAMPLE B 

WvdrolvMg of PS BPVBWP2 eotioh/Hier tainft exceaa liButim caAonateici 

' Thiaexiunpledeinoaslntea that tifUuoricafbonaUs is ineffective at 
complete hydnlysia of the solfimyl fluoride moieiy under the conditiana of 
25 CxasqileS. 

Corapamtivc Example A w» icpeatod, bul healed hr for this 
example. By l^Fiunr analysis (DMF-d7), 28% of the -SOjF wai coovetted and the 
polymer contained 7^ mole% PSEPVE. 

gOMTAR ATfVFr BXAMfLB C 
30 HDdmlv«a of fSEPVE/VF2 copolymer usina excess lOdhm eaibOMte in 
MeOliTOO 

mils example demonstrates that sodinm carbonate hydrolysis of the 
soUbriyl fluoride moiety under the conditions of Bxaniple 1 rasuUs in defiradation 
of Ihe stariins polymer as evidenced by the wibstantial loss of ftmetioiial 
3S oomooomer. 
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A 3-ncckod 300 ml jacketed ftaak was equipped with a magnetic stir bar, 
condenser and nitrogen inlel. Tlw flasic was charged with 10 g (- 10 mmole 
-SO2F) of the PSEPVli/VF2 copobntcr powder prepared in Example g 
(40 mmolc) aocfinm carbonflte and 100 inl MeOWHiO (50 vW). Wilh gentle 

5 siining. the naclioftmaniic was heated to 50"Cfttt 

icmpcraturc. Tlic polymer was conocted by filtratUm then washed 4 thnes by 
Busiioodinfi in d istillod water atl 25"C and filtering. The coUcctcd polymer waa 
dried al25''C under vacuum ton yellow powder. By I'FmnranalysUCpMF^T). 
100?'» of Ows -SOjF WW coavoted and thepQlyma* oontiiiied onJy 5.9 molcM 

10 PSEPVE. Hie polymer could bo pressed at 200*0 into a ihui fihn (5-10 roil) 
which was colored. 

<P0a ^/^RATlVE EXAMPT.EP 
■HvdmivMg of ?SBPVE/VF2 c o tw]v^g usmit exoeM aodiwn cwbqiiate in 

15 This (arample deniansbatea that sodium caiboiule hydrolyns of (he 

sulfirayl fluoride moiety under tbo conditionB of Examptc 3 lesults in degradation 
of die starting polymer a» crtdenced by the substintiat lo» of fimetional 



Comparative Example C was repeated^ but heated W^UTA hr ibr this 
20 eiamplc. By i^pmax analysis (DMP-dT), 100% of flifi -SOjF win convened and 
the polyincr oonlaiaed only S.l mole% PSEPVE. 

rffM^ARATTVERXAMPLBH 



25 ThJftCXttsiple demonstrates that potasshnn carbonate is hiefleedve at 

eompleK hydrolysis of the sul&nyl Ouoride moiety under the oondtticau of 
Biuimplo 1 . And fiolher. Ihia exaroplo demonstrates that potassium cartMoote 
hydrotysia of the sulfonyl fluoride moicly under the conditions of Example 1 
results m degradation of the starting polymer as evidenced by the aibftaotiai lojs 

30 of fimetional eamonomor. 

A 3-necIted 300 ml jacketed Otak was equipped vwth a mognelie stir bar, 
condenser atwl nihogco inlet The flask was charged with 25 g (-25 mmole 
4>0^ of the PSEPVE/VP2 copolymer powder prepared in Exansplc 1, 13J g 
(100mmo|B)polasihnnasbottateaiid250mlMeOH/I!2O(50v»). With gentle 

35 itimng,aie reaction oiixtuie was heated to SOXnChr, then cooled to loooo 
teanpeatnreL The pdtymerwaicollocled by filiation tfaeiiwaabed 4 times Iqf 
snspendins in distilled water at 25*C and fiHning. The eolleeted polymer was 
dried el 2S*C nndcr vacuam to a yeltew powder. By »*Fmnr anatysia <pMF-d7), 
12 
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87% of (he -SO2F was coirvext«d and ihtf potymcr coutaified only 6.1 inolc% 
PSEPVE. Die polymer cooWbe prMsed at IQW iiao a thin (Dm (5-10 nril) 

which was colored. 

S q-vdrolvsia of PSEPVEfVTO copoWmerrunng e xcess potassiitni cartwnate in 

This example demansmites Ihst potassium carbonate hydrolysis of the 
snllbnyl fluoride moiety under U» conditiona of Bxmnplc 3 icsato in dojiidoticn 
of the slttilinu polymer as evidenced by the odiBtamlftl loss of fiincliondl 
10 oomonomer. 

Cumparalive ExBSiple B was repeated, hot heated €0*0/18 hr fin this 
exan^. By l^Fumr aoalyax (DMF^IT)^ 200K of the -SP2F convated and 
the polymnroontinned only S.6 miA^ PSEPVE. 

rOMPAR ATIVE EXAMPLE G 
IS flydrotvas of PSEPVE/VF2 coDoLvme nisine excefii leiramethvtaminoiuutH 

TIhs exomple doroonstrates that tetniraetbylBnimooBim carbonate ia 
ineffective al complete hydrolysis of the sulfonyl fhiorido moiety raider a»e 
conditions of Exionplo I. And ftmha. Ibis cjcaniple dctnoairtrtles that 

20 tcfraraeaiylBinnionium cflrbonato hydrol)-!ct!i of the sulfonyi fluoride nooiety under • 
thocandttJons ofExample 1 lesoltB ia descadatkM of the alarthie polymer as 
evidenced by tlie sntastantial loss of fuactkmal comonoiiMi. 

A 44^ hoiizontal, stainkss-sted stand pobmerizsliaa reactor eqtnn»cd 
with 4-bladed ngitatoi; was flushed with nitiDgcn and cbargnl with 1 .65 liter of 

25 dcnunenlized -water and G g of onunonhun peiflimnMictanaste. The reactor was 
sealed, pxtssorizedwhliniiraseti to 100 psiganlUieavenied too pslfi. This 
l»essiae/venting cycle was lepeated twice. The reactor was evacoatod to -14 psig 
then pnrgqd with vinylideoc Uiflnoridc {VP2) to 0 paig. ITua cvacuatiiffl/puiHa 
cycle was repeated twice. At 0 psig of VF2 in the reactor, 20 ad of an aqueous 

30 PSEPVE einalsion (containing 10 sPSEPYE)wMiiycctcd into the rca^ The 
reacttw contents were ftgitaled at 200 ipm and heated to ^O'C T!w reactor was 
prtssurizcd with VF2 to 300 puis at which time 0.9 g potassium posuHiie 
dissolved in 20 ml demincnJizod water was injected at 10 ral/onn. Tho 
polymerization initialed ra 0.06 hr. A mixture of VF2 and PSEPVE (as PSEPVE 

-35 cmnlrion containing 0 J g PSPEVE/ml) in a 2;\ mole ntio waa fed to dw ngaetot 
at dbout the ralo at which h was oonamned niBhit a inin g afaom 300 prig 
Ihenactax. Tho rauUian was continuodbtfaiainairaeriintit about 31 Sgc^ 
PSEPVE wen £edtolhc reactor. The feeding ofPSEPVE was then diacomhnied 
13 



(29) 2004-537612 A 2004.12.16 



W0MW7W PCT/US(ttrtl52t 

x&d VF2 WM fed to the reactor at abouc the me at whicfi h was conEumad 
miitntaiiiuig aboat 300 psigpceisuro in the xeactor. onm an orenU total of 332 8 
VF2 had been fed to the reactor. The reocior contonU were cooled to ambient 
teiRperatun:, vented to 0 psig and difichorgeti as a mUky-vrhite polymer emulsion 

5 ooaisming 22 wt% polymer. Tbe polyDwr emulsioa was fiozcn to cause 
agglomeration of the polymer particles and Ihcix Gcparation fiom the aqueous 
phase. Tho polymer agglomoraifia woe filfensd tmd wflshed vigorously 4 times 
wllh filtered lap water at about 50*C tboo wHh deminaalizcd water at ambient 
temperamre. The washed polymer rigglomerates were dried at I WC under partial 

10 vacuum with a sweep of nitrogen to yield 524 g of wbUa gramilar polymer. DSC 
analysis showed a glasa (ransitian teznpezuture al -23^ >t iniketifni and a well 
defined ciystallino meltiag poinl at i65"C (AHf40.0l/g) on the second heat 
Hlemeiital andyris found: C,30J3 wt%&omiiduehanBtmageeamposilioiLOf 
8.2 nioId%f SEFVE and 91.8 xaakfH VF2 could bs calculated. The polymer 

IS cooldbepnssodhilotxiiisliicait«4ii(e8lid»sandSlin9at200^t]!tt 
and denas, fiee cf voids or viable oolor. 

A 100 mi Ihudc waa equipped wiih Teflu:i coDdaiscr, magnetic stir bar and 
nitrogen inlet The flask was chaiged wift 5.0 g (-5 mmolc -SOjF) 
PSEPVEA'R cantaining 8.4 moie% PSEPVE by i^Fcrai, A25 g (20 mmolc) 

20 tctraroethylammonium cortiooato and 50 ml McOH/HjO (50 v%). With gcirilo 
stirring, Jhc reaciiun mixture vfzs. hcalod to SO"C fiw24 hr, Iheo cooled to room 
Icmperatiirc. The polymer was collected by filtration then washed 4 times by 
Kupcnding in distilled water at 25°C and filtering. Tlio collected polymer was 
dried at 2S°C niider vacuum to yield 4.12g (1 7.6% wt loss) of a discoloiTd, dark 

35 amber powder. By <^nmr analysis (DMF-d7X 73% orthe-S02F was converted 
and tbe polymer conuined only 5.0 inolc% PSEPVE 

Hvdniligfa of P.SEPVEWF2 conohwiier uain a mteen tetraedivlannnoniiiin 

30 This eumqiie demonstrates thai tetgarthytotnanniam caibonate is 

jneOective al ctmqjleto liydioiysis of the sulfbiqrl Jhunide moiety under ibe 
conditions of Example I . 

A 100 ml ila^ waa equipped with reflux condeoser, magnedo stir bar and 
nitrogicn inlet The flask was charged with 5.0 g (-5 mmolc -SOjF) of die 

33 PSEPVE/VF2 copolymer powder prcpored in c:ompflnflive Eatampla G» 6.4 g 

(20 ramolo) tetxaothylominooiiim caitonate nod SO ml MeOWBiO (50 v%). Widi 
gemle Rtining, the reaction mixltire was heated to SO*C for 24 far, then cooled lo 
room fenqwnuiza Hie polymer wa.i collected by filtration then washed 4 times 
14 
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by siMpendinig in disUHed water at 2S*C awl Bltcf tog. The collected polymer was 
dried at25"C under vacoum to yield 4.788(4.8% wt loss) of a white powder. By 
l^Fronr aai4y8i» (OMF-d^T). only 2S% of the -SOiV was converted and the 
polymer ooMainod 8.6 inoleR4 FSEPVE. 
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qAims 



Whatisdaunedis: 

i. A process Tor fonnrng aa iooomec, compnsing 
canTeurting a po]>'tner coiuprising 

monomer imfts of vinyliilene fluoride aud 0 J-SO iiuile% of a 
pcdhioToaQseayl monomer luving a pendant fgcovp of the 
Ibimula 

-(0-Cr2CfR)aO-CFi(CFR')bS02F 
wherein R and R' aro iods^ondeatty sdectcd from P, a or a 
perflQOThmedallQrl gnmpbavjng 1 to 10caibQaiaoms.a*0, 1 
or2,b«0to6, 

with aa excess of a sohitioa of nounoniuni caiboxiate ibr aperiod of 
time BUffidcnt to ditain Ibo degioo of oonveuioa desited to the 
Biiimoaiumniironale fonn of tbe polymor, ftwrdiy foiming an 



2S 



30 



2. TlM proccess of Claim 1 wtaerdn ihe ammoniinn carixmBteis Aaaolved 
in & mixture of methanol and water. 

a. The process of Clatin I Tuilhcr con^riaing the step of contacting said 
mnmoniam itmomEr wifli a nuneial acid to fonn a aulfonic seid iooomor. 

4> rite pnceaa of Oaim 3 flj^faereompculiig the alep of contacting 
sid&nic acid iraomer with a aohdion of an aRcafi metal saJL 

5. The pneeasef CSaim I fiirthflr conqsrisins ^ step of contacting said 
ammonium ionomcr with aaoiuiionof an atkali metal aalt. 

6. The piocesa of Claim 4 wherein (he alkaK metal saft is LiCI. 

7. The pxDcesa of Claim 5 whctein the allcaJi metal sahialiCl. 



8. Ttte procMs of Claim 1 fiiither comprinog the step of focniag said 
polymer into a flat film or sheet piiar to cantactiDg vndi aaid aolution of 

35 anmioniam carbonate . 

9. The procesa of Qaim 1 fvthcr compnaing ttie step of mdl fimmog 
uld smmomiioi iooomer imo a shaped ar&ile. 

16 
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la The process ofCbuni 9 whenui laid duped 

sheet 

11. llie process of Claim 10 wbenm the mdtfbtming is acco^ 

5 by mctt pnaang. 

12. The proccsB of Claim 10 wherem the molt fonmog is accomplished by 
OEfiuskni. 

10 U. 11iB]i»ceasQfOaim3whereintfaeioooiinriitin Aw 

or sheet. 

14. The [iiDccssofClaim4whGm&iheiouomerisinfteforniDf flat lihii 
or sheer. 

15 

15. thepioceaofClBhnSwhereialhaionomcriBtntbefonDof^ 
oritwet 

1<S. An ionomerccsmpriaragitKinamcruiritoorviiv 
20 50 niol»:% of aperfluoroolkenyl tnoaomer having a pendant group orthc fbimula 
-<0-Cr2CFJR.).O-CF2(CFR%S03*NH4+ 
wherein R and R' are independently selected from F, O or a perfluoiinaied alkyl 
group baving 1 to to cwboa atoma, a « 0, 1 or 3, b * 0 to 6. 

25 17. ThoiononierofCIaimieinlhefonnofaflatfitaiQrsbBBt 

18. The ianomer of Ctaimi 1 6 compriaing fl J-36mok% of said 
pixfluofoalkenyl mononier having apcndniC group* 

30 19. TTieionoiDaaraaijn 16 wherein »»l.hf-l,Ri»triniu^^ 

R' Is flnorino. 
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mia^B] W17#7^8H (2005.7.8) 
i^mniE 1 ] 

1 ] 

- (O-CFjCFR) .O-CF2 (CFR') b S Oj F 
(^4^^ RisJra'R '(±»3iL-CF. C 1 t ^^(i 1 ~ 1 COoR^JfT-^rql-rs^^'- 7 
mt7}i^^)i'^ii^hM1R^i[i. a = 0> lt;tti2. b = 0~6-e*?,) 

«Dli^'Jr^1-'S> 0. 5-5 0^;P%O/N*-7JV:tnT;V'ir.r.;i/^y v-i:^)^^^-^^! 

*° U -7 - ^ , *° ij V - o>!. .i^ > m T > ^ A ?F^'\(7)^S<7)|g>fb(7)?i^ ^ 

- (0-CFjCFR) ,0-CFj (CFR') bS0j-NH4' 

(5^+> RisXZfR'imiLLXF. C 1 t 1 ~ 1 0^@(7)^^l^■^5r^•r&/^•-7•7 

collie's: ^-t^ 0. 5 ~5 0^;v%<?5/N*-7;v;^n7>'V^-;W'^-y7-i:<:D^-y-7-#^ 
^r-^^•T?'5: & T :t y V - o 
[#MiE2] 

WIE^^iIg^] 0 0 6 6 
[0 0 6 6] 



(2) 
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JtMG^«t;t5. 0 g (*^5 ^ -J^^l^-SO.F) <^PSEPVE/VF2 
6. 4g (2.0 5 >^l^r b7^^JV7>^^':7Ai3j:a^5 Om 
l<7)MeOH/H:0 (5 0«%) ^^A t;to ^^^HCtl^lJ L'S^*^?)^ U.im^'^m 

2 5 'CoMTtcl^Mri? ^T^ill"^ i t J: o T 4 m^jt Lt^Co ^^^^C'-K 'J "7- 
T2 5'c't'^^UT4. 7 8g (4. 8%M*) (7)afe»^r^x.^Co F n m r ( 
DMF-d7) ^^l"^. - S 02F<^;to7t<^2 8%7&«^'^l:$*L^ JJ^'J-^-fiS. 6^;w 
%P S E P VE^-^^L^^o 

- (O-CFzCFR) .0-CF, (CFR') bSO:F 

R^ctC/R'mi^LLTF, C 1 ^ ?^s:{± 1 - 1 0l@<7?MtJf.^=^*1"-5'^'^'-'7-^ 
t-fkTJW^JW^^^^SJ^^^t. a = 0, lff^{±2. b = 0~6-C^)&) 

^T S *° ^ - ^ > 'J -7 - <7? 'i^ >' ® T > * - A B^(7)^a<7)^^k<?)^IJt 4r 

° 3. miS7>*-'i7i^7^:ty-7-^i2;mi:3gM?-^T;^;w:i->>'m7^;J-y-7-5:M 
4 . miE>^ > m7^ :t y V - «r 7 Ji^ * ^Ji*a<^-Mi:^tl! ? ^^X^^: $ ^ 

5. miB7>*-'>^T'f v-^7;w*'J^Jimcoi#vgi:^|!5?-frSX^§r?^>i:: 

6. 7;v*'J^JSi^:i^L i C 1 -C^:5>±l2 4lc|5«c7):^-So 

7 . 7 * 'J ^Ji^^^'L i c I -e^b ^ ±IB 5 HIB^<^):^ffio 

8 . ^^7 > A OHfrlBMi: ? -^a c^H^feiCo Tttfl£'"K 'J-7-^77^)'b7 
9. ffE7>^-'>A7-<:ry v-?:itBp°p'^v#iJi^B-r2.xm'S:$ f)^^-&^X-'5:^± 

1 1. ■}ii!iB£f^)6^Y#s!!7'i'^i^<J:-3'C^ t^>f ^tL^±ie 1 0 i^isS<7):^feo 

1 3. 7'f v-3{)i7 7 7 b7^ )Vh,-tfz\t'y- h <7)5F^lHab^±l£ 3 
° 14. 7^*y7-A«777 b7'f T'cfi-^- h<^?i^^l-*i>±IB4lc|B^<^:&S 

° 15. 7^;j-y v-;&^777 h7'f h<^?I^SIt^^^±f5 5 tw1Bic<7):^ffi 

o 

16.7 -y'fktf^'J t'^ 

- (0-CF.CFR) .0-CFa (CFR') .SOrNH/ 

Uft'^ R^J:^^'R'^i^^z:LTF^ c 1 t ;ti± 1 - 1 o«<75MtJr.^?r^i-*^^•-7 7 
^'fk7JV^JW*5?i^^ii^?ti. a = 0. \tfz\t2. b = 0--6T-$.^) 
<75ii!^^^i-^ 0. 5-5 0^;W%<^^^°-7JU:t a7JW^-iV"ty v-tcD^y v-#^z: 
^^^T''S:^7'^ :t / "^-o 

17.7v-;'h7'f t Tttiv- b<7)f^l<^-hlB 1 6 H|Eic<7)7^ *y -7-0 

18. ffi!JS*^1-^o. 5- 3 6*J^%<^Hl^l^^^•-7J^^a7;^^-^^•^y-7-^:#^ 
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19. a=l> b=l, R:*«b U 7;i/:i-D^^;i/-C*)>J, t-C*S± 
El 6 \z.UWi.<r>7^ ^ J-^-o ' 



